In this paper, we give some new refinements of Hermite-Hadamard inequality for co-ordinated convex function. These refinements provide us better estimation as compare to the earlier established refinements of Hadamard's inequality.
Introduction
Let I be an interval in R and f : I ⊆ R → R such that a, b ∈ I with a < b. Then the following double inequality:
is well known in the literature as Hadamard's inequality for convex mappings. Note that some of the classical inequalities for means can be derived from Hadamard's for appropriate particular selections of the mapping f . The inequality (1.1) which appeared for the first time in ( [11] , 1893) gives us an estimate of the mean value of a convex function f. Since then, many important refinements of Hermite-Hadamard inequality for convex functions have been investigated extensively. For example see [1] - [18] . In ([6] , 1992) S. S. Dragomir defined a mapping H in the following way: 
and L(t) =:
To complete this section we state definition of co-ordinated convex function and its related Hermite-Hadamard type inequalities:
Let us consider the bi-dimensional interval ∆ :
holds for all (x, y), (z, w) ∈ ∆ and λ ∈ [0, 1]. A function f : ∆ → R is said to be convex on the co-ordinates on ∆ if the partial mappings f y :
A formal definition for co-ordinated convex functions may be stated as follows:
S. S. Dragomir in [7] established the following Hadamard-type inequalities for co-ordinated convex functions:
Then one has the inequalities:
The above inequalities are sharp. For recent results and generalizations concerning Hermite-Hadamard type inequality for co-ordinated convex functions see ( [18] , 2012) and some of the references given therein.
In this paper, we obtain some new Hermite-Hadamard type inequalities for convex functions on the co-ordinates. These results refine the Hermite-Hadamard type inequalities given in Theorem 1.3 as well as in [3] .
Refinements
Now, we give first refinement of Hermite-Hadamard inequality for co-ordinated convex function.
→ R is convex on the co-ordinates on ∆, then we have the following refinement:
where
and
Proof.
Then by making use of Theorem 1.2 one has
Integrating this inequality on [a, b], we have
By a similar argument applied for the mapping f y :
Summing the inequalities (2.5) and (2.6), we get the third and the fourth inequalities in (2.1). By Hadamard's inequality, we also have
, y dy which give, by addition, the first and the second inequalities in (2.1).
Then for all t ∈ [0, 1], s ∈ [0, 1], one has the inequalities:
Proof. Since f : ∆ = [a, b] × [c, d] → R is convex on the co-ordinates on ∆, it follows that the mapping f x :
Then under the utility of Theorem 1.2 one has 
